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(g) Biologically active polypeptide fusion dinners. 



@ The present invention provides a biologically active muftimeric polypeptkle molecule in which two or 
more monomeric subunits are linked together as a single polypeptkle ("fusion mul timer ' ). These fuskxi 
muJ timers are nrkore easily and rar^dly refolded than unfij&dd mufttmers, because the reactions 
necessary to generate the biologicaDy active mullimeric fonm of the polypeptkle proceed with first 
order» rather than second or higher order, reaction kinetk^s. Fuston multinners also eliminate the 
simultaneoufi format ton of undesired polype ptide by-products during refolding- The fuskin mul timers of 
the present inventk>n specifically include PDGF fusion dimers. 
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Background 

Human platelet-derived growth factor (T'DGF') is believed to be the rrejor mitogenic growth factor in serum 
forconnedive tissue cells. The rrbtogenic activity of PDGF has been documented in numerous studies, wherein 

5 PDGF has been shown to positively affect mitogenesls in arterial snooolh nnusde cells, fibroblast cells lines, 
and glial cells. Deuel e/a/„ J. Bioi Chem., 256(17), 8896-8899 (1981). See also, e.g., Heldin et a/., J, CeffPhys- 
iot., 105, 235 (1980) (brain glial cells); Raines and Ross. J. Biol. Ch&m., 257, 5154 (1982) (monkey arterial 
smooth muscle cells). PDGF is also believed to be a chennoattractant for fibroblasts, smooth musde cells, 
monocytes, and granulocytes. Because of its apparent abilities to bc^h induce mitogcnesis at the site of con- 

10 nective tissue wounds, and to attract fibroblasts to the site of such wounds, PDGF is thought to have particular 
potential for therapeutic use in the repair of injured, or traunruitized, connective tissues. 

Other members of the PDGF family include vascular endothelial cell growth factor ("VEGF", sometimes 
also referred Id as "vascular pernrte ability factor, or "VPF^ and placental growth factor ("PLGF"). Tlscher ef a/., 
Biochem, Biophys, Re&, Comm., J 65(3). 1198-1206 (1989) and Maglione efaK^ Proc. Nat f Acad Set, USA, 88, 

15 9267-9271 (1991), ra&poctivoly. Both VEGF and PLGF form disulfide bonded dimerfi from thd eight highly con- 
served cysteine residues that appear in the PDGF homologous region of each mononneric unit of these PDGF 
family members. Tischerefa/. and Maglione ef a/., ibid. The receptors for VEGF and PLGF are also in the same 
receptor subfamily as the PDGF receptors. Consequently, these "newer" members of the PDGF family are 
thought to t>e potentially useful as therapeutic products in wound repair, although they have not been studied 

20 . as Bxtenstvely as PDGF. 

Naturally occurring PDGF is a disulf ide-t>onded dimer having two polypeptide chains, rtamely the "A" and 
"B" chains, with the A chain being approximately 60% homologous to the B chain. Naturally occurring PDGF 
is found in three dimeric forms, namely PDGF-AB heterodimer, PDGF-BB fiomodimer, or PDGF-AA homodi- 
mer. Hannink et at, Mof. cett. BioL, 6, 1304-1314 (1986). Although PDGF-AB has been identified as the pre- 

25 dominate naturally occurring form, it is the PDGF-BB homodimer that has been most widely used In wound 
healing studies. Each mononneric suljunit of the biologically acth/e dimer, irrespective of whether it is an Achain 
monomer or a B chain monomer, contains eight cysteine residues. Some of these cysteine residues form in- 
terchain disulfide t>onds which hold the dimer together. 

The PDGF-B found In human platelets has been identified as a 109 amino acid cleavage product (PDGF- 

30 B,09) of a 241 amirx) acid precursor polypeptide . Johnsson et at,, EMBO Journal, 3(5), 921-928 (1984). This 
1 09 amino acid honrkologous sequence coincides with the 109 amino acid cleavage product of the c-sis encoded 
PDGF-B precursor protein and is believed by many to be the mature form of PDGF in hun^ns. Homology with 
the c-^ encoded precursor protein begins at amino acid 82 of the 241 amino acid precursor protein and con- 
tinues for 109 amino acids. Another form of PDGF-B (POGF-Bi^g). corrBsprandlrig to the first 119 amino acids 

35 of the C'Sis encoded PDGF-B precursor protein, has also been identified as a major cleavage product of the 
n-/TK en^zoded precur.*ior protein when the entire fi-K«gene encoded into a tran.^rfented mammaltan host U.S 
Patent No, 5.149,792. The region corresponding to amino acids 1 3-99 of the mature form of fH)GF-B has been 
referred to as the "PDGF horrKjIogous region*. SeeTischer ef a/, and Maglione et at., tbtd. 

Recomtnnanl PDGF has t>een produced in mammalian, yeasl and bacterial (E. cott) hoal cells. See, Eu- 

40 ropean Patent Publication No. 0282317 (mammalian host cells). U.S. Patent No. 4,766,073 (yeast fiost cells), 
and U.S Patent No. 5,149,792 (E. coll host cells). Both n^mmalian and yeast host cells assemble the dimeric 
molecules from the monomeric subunits in vivo, such that the protein is expressed in its biologically active di- 
meric form. Bacterial host cells such as E. coti, on the other hand, synthesize PDGF nrK)nomers. These indi- 
vidual monomeric subunits must then be isolated and refolded, requiring further Hi vitro processing steps, in 

45 order to obtain the desired dimeric form of the polypeptide. 

The more highly evolved mamnnatian and yeast host cell systems are desirable for their ability to produce 
multimeric potypeptides in their btologtcally active multimaric form, although ttie secretion levels of the desired 
recombinant product are retatrvety low as compared with the secretion levels of t>acterial host cells. The trade- 
off with the higher expressing bacterial systems, such as E. coV/, is that, in return for obtaining highier yields 

so of recombinant product, the recombinant protein must be isolated from inclusion bodies and, in the case of a 
multimeric protein such as PDGF, refolded in order to generate biologically active product. 

Although recently developed refolding methods, such as described in European Patent Publication no. 
0460189, have increased the desirability of producing PDGF in bacterial host cells, there still remain as ot)- 
stades decreased yields during refolding (resulting from higher order reaction kinetics) and the formation of 

55 undesired polyF>eptide by-products where a heterodimer, or a homodirr>er having different analog sutHjnits of 
the same PDGF chain, is refolded. (See, e.g., European Patent Publtcalion No. 0460189. ibid, wherein a PDGF- 
AB heterodimer forrr^d by refolding PDGF-A and PDGF-B mononr^erlc subunits obtained from two differeni 
transfecied bacterial host cells also resulted in the formation of homodimeric PDGF-AA and PDGF-BB by-prod- 
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uct.) 

It is an object of the present invention to provide a multimeric polypeptide having improved refolding ki- 
netics. 

II is a further ot^ecl of the present invention to provide a multimeric polypeptide thai can be prctduced re- 
combinantly without the formation of undesired polypeptide by-products. 

Summary of the Invention 

The present invention provides a biotogically active polypeptide molecule in which at least two monomerk: 
polypeptide subunits of a naturally occurring nnullimeric protein are linked together as a single polypeptide ("fu- 
sion multimer'). The polypeptide is preferably a dimeric polypeptide from the PDGF family. The fusion multi- 
mers of the present invention are more easily and rapidly refolded than unf used muttimers, because the re- 
actions necessary to generate the biologically active mullinreric form of the polypeptide proceed with first order, 
rather than second or higher order, reaction kinetics. The fusion multimers of the present invention also elinv 
tnato tho simultan^us forrrtation frf unddfiir^ polypGptido by-products during refolding. Tho individual fiubu- 
nis of the fusion mu!tirr>er of the present invention are linked together in a head to tafl manner. The individual 
suljuntts may be linked together directly, or they may be separated by a spacer moiety. 

The present invention also provides a method for making a biologically active fusion multimer by trans- 
fecting a host cell with a DNA sequence having the respective coding sequences of each monomeric subunit 
of the fusion rrajltimer linked together in a head to tail manner to form a singla continuous polypeptkle. 

Brief Description of the Drawings 

FIG. 1 is the amino acid sequence of a PDGF fusion dimer. in which a PDGF-Bna subunit is linked to a 
PDGF-Bioo subunit separated by a spacer of amino acids -54 to -1 of the pre-pro region of the PDGF-B pre- 
cursor protein. 

FIG. 2 is a diagram of the steps used in construction an expression plasmid coding for the production of 
the PDGF-Bii&B,o9 fusion dimer shown in Fig. 1. 

FIG. 3 is a nuclsic acid coding sequence for RDGF-Bna. 

FIG. 4 is a nucleic acid coding sequence for PDGF-Bito preceded by the entire pre-pro regran (81 amino 
acids) of the PDGF-B precursor protein. 

FIG. 5 is an elect rophoretic gel of the PDGF-B, igBi^ fusion dimer whose amino acid sequence is shown 
in Fig. 1. 

FIG. B is a graph showing the activity of the PCX3F- 6,108,03 fusion dimer as compared to PDGF-BBiii>. 
. Detailed Dt^cription nf the Invention 

The present invention provkles a biologically active polypeptide molecule in which at least two monomeric 
polypeplWeiubunila of a nalvrfally occurring inulUineric protein are I hiked logellier as a single polypeplkJe fu- 
sion multimer"). f=>referably, the fusion multimer is a memt>er of the PDGF family. 

In order to aid in the understanding o# the present invention, the following terms, as used herein, have the 
definitions designated below. 

The terms "multimar* or "multimeric" polypeptlds refer to a polypeptide molscule which, in its natural, bio- 
k>gk;alty active form, contains n>ore than one functtonal polypeptkie sutHjnit The functional monomeric sub- 
units may be covalently bonded to each other, such as through disulfide bonding, tmt can be separated by 
subjecting the multimeric polypeptide to reducing conditions, thus breaking the disulfide bonds. 

The terms 'dimer* or "dimeric" polype pi ide refer to a polypeptide nnolacula which, in Its natural, biologically 
active form, contains two functional subunits. 

The terms "monomer' and "nrtononneric" poIypeptkJe or "monomeric" subunit refer to a single subunit of a 
multimeric polypeptide. The monomeric subunit may be an exact copy of the naturally occurring monomeric 
sutxjnit or it may be either a biok}gically active analog or a biotogically inactive (inhibitor) analog. It will t>e ap- 
preciated that a "reduced" polypeptide wiD necessarily be monomeric, unless it is a fusion dimer. 

The term "fusion mutlimer* means a polypeptide which, in its naturally occurring, biologically active form 
exists as a multimer, but whfch has been engineered to have its constituent monomeric subunits linked to- 
gether, either directly, or tNrough a spacer moiety, as a single continuous polypeptide. 

The term "fusion dimer" nneans a polypeptide which, in its naturally occurring, biologically active form ex- 
ists as a dimer, but which has been engineered to have its two constituent monomeric subunits linked together, 
either directly or through a spacer moiety as a single continuous polypeptide. 



EP 0 618 227 A1 



As used hemin, tha term 'homodimsr refers lo a drmeric molBCiilo wherein each moTOmeric aubunil is 
efther the same as or is an analog of the same naturally occurring monomeric subuniL For example PDGF is 
known to have several nature forms. Therefore, a PDGF-Bio^Bi ,^ dimer is considered to be a PDGF-BB hom- 
odimer even though the monomeric subunits are not exactly the same. 

The term "spacer moiety" means a polypeptide amino acid sequence separating two monomeric subunits 
in a fusion multimer. 

The term "biologically active" polypeptide means a polypeptide having substantially the same mitogenic. 
chenrwtactic. enzymatic and/or other detectable biological activity as the corresponding naturally occumng 
polyp>eptide. 

The term "inhibitor* analog or "inhibitor- poiypaptide means a biologically inactive polypeptide that inhibits 
the mitogenic. chemotactic, enzymatic and/or other detectable biological acUvity of the corresponding naturally 
occurring polypeptide. 

As used herein, -refolding* means bringing a denatured, reduced or partially reduced polypeptide into a 
biologically active conformation. Refolding includes those instances wherein a polypeptide has been produced 
in denatured form and is, in fact, boing bf^ht into a biologically active conformation for the first time. The 
temi "refolding" may be used interchangeatily with "folding". 

As used herein, 'interchain disulfide bond" is a disulfide bond formed between two cysteine moieties of a 
dimeric polypeptide, wherein the cysteine moieties which form the disulfide bond are from different monomeric 
sutHjnits. 

As used herein, "intrachain disulfide bond" is a disulfide bond formed between two cysteine moiotiBS of 
a dimeric polypeptide, wherein the cysteine moieties which form the disulfide bond are from the same mono- 
meric subunit 

Unless otherwise specified. PDGF is any combination of PDGF monomers and/or dimers, including ana- 
logs thereof, reduced or unreduced, biologically active, or inactive, recombinant or otherwise. The term -PDGF" 
l3 intended to include PtX3F analogs having one or more modifications to the number and/or identity of amino 
acid sequences of naturally occurring PDGF. 

The tenn "PDGF homologous region" means ttie amind'add sequence from amino acid 13 to amino acid 
99 in naturally occurring PDGF-B. 

The term -PDGF family" means a naturally occurring dimeric polypeptide having at least about 20% amino 
acid sequence homology to the PDGF homologous region and having a total of eight cysteine residues within 
the PDGF homologous region such that the cysteine residues are highly conserved. 

As used herein, cysteine residues that are "higWy conserved* within the PDGF family refer to cysteine re- 
sidues within the PDGF homologous region wherein no more than five adjustments, in terms of additions or 
deletions of numbers of amino acids, must be made in order to exactly line up the cysteine residues within the 
PDGF homologous sequence of a PDGF family member to the cysteine residues within the PDGF homologous 
region of naturaDy occurring PDGF B. 

The term "PDGF precursor protein" refers to the entire 241 amino acid c^/s-encoded precursor prolein 
prior to processing of the polypeptide to rts shorter, mature forms {e.g., PDGF-B103 and PDGF-B,,9). 

The tenn "pre-pro" region means that portion oflhe PDGF precursor prolein which lies to the amino lerminal 
side of the mature PDGF protein. Using the numbering system of Devare et ai, (Devare ef a/.. Proc. Natl Acad 
ScL iySA, 80, 732 (1983) the pre-pro region extends from amino acid -81 to amino acid -1, v^h the remaining 
amino acid sequence from 1 to 160 representing amino acids found in various mature forms of PDGF. the most 
common of which being PDGF-B,oo (amino acids 1-109) and PDGF-B,,^ (amino acids 1-119). 

The fusion mullimer of the present invention may be any polypeptide which, in its naturally occumng, bio- 
logically active form, exists as a multimer, but which has been engineered in accordance wrth the teachings 
of the present invention to have its constituent monomeric subunits linked together, either directly, or through 
a spacer rrtoiety, as a single continuous fKilypeptide. 

The fusion multimers of the present invention virtually eliminate the simultaneous formation of undesired 
polypeptide by-products during refolding. This is particularly important where high expression bacterial host 
cells are used for the expression of a recombinant multimeric protein. For example, in the case where a PDGF- 
AB heterodimer is refolded from PDGF-A and PDGF-B monomeric subunfts generated from two different B 
coil host slraios. the undesired PDGF-AA and PDGF-BB homodimeric forms must be separated from the de- 
sired PDGF-AB heterodimeric product (European Patent Publication No. 0460189. ibid.) In contrast, if a 
PDGF-AB fusion heterodimer is expressed as a single continuous polypeptide from an E. coU host in accor- 
dance with the teachings, of the present Invention, no such potypepf ide by-products are formed. This provides 
a tremendous benefit in the commercial production of large quantities of multimeric proteins. 

The same benefit can also be applicable to mammalian and yeast host cells, because Ihese higher level 
expression systems have also been known to secrete undesired polypeptide by-products in certain situations 
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where multimsric proteins are desir&d. The fusion multimer of the present invention essentially etiminates the 
formation of these unwanted by-products. 

The fusion multimers of the present invention are expected to be nrwre easily and rapidly refolded than 
unfused n^ultimers. ttecsuse the reactions necessary to generate the bioloQically active multimeric fornr^ of the 
fusion polypeptide proceed with first order reaction kinetics. Unfused multimertc polypeptides, on the other 
hand, typically refold according to second or higher order reaction kinetics. The ability to reduce the forces 
necessary to bring together the two or more subunfts required for refolding of the desired muUimeric protein 
into its biologically active conformation should hasten the refolding process considerably. 

The fusion multimers of the priesent invention can also be engineered to act as inhibitor polypeptides. This 
is possible, l>ecause many mullimeric polypeptides function by interacting simuhaneously in some way with 
more than one target molecule. If a fusion multimer is designed to contain at least one inhibitor analog as a 
morK>iT>eric subunit, the resulting muitinrwric inhibitor polypeptide can interact with one. but not more than one, 
availatMe target molecule simultaneously. The resulting "n on- productive" interaction will reduce the number 
of target molecules available for productive interaction with the naturally occurring biologically active form of 
the multimeric protein eo that it cannot function to bring about normal biologicaT ra£pon&e. 

An intervening region, otherwise ref enned to as a "spacer or 'spacer moiety", may or may not be necessary 
for proper folding in the case of certain fusion multimers. A spacer moiety will ordinarily be used where it is 
believed that the presence of a spacer will allow greater freedom for the constituent monomeric subunHs of a 
fusion multimer to interact with each other in order to generate a biotogically active form of the folded multimeric 
protein. 

If the fusion multimer is intended for use as a human therapeutic product and a spacer moiety is desired, 
it is preferable to select the spacer moiety from among human polypeptides, because these polypeptide se- 
quences will have much less of a chance of inducing an immune reaction than will a foreign polypeptide se- 
quence. The polypeptide sequence for the spacer nnoiety may be any number of amino acids long, provided 
that the spacer moiety Is not so long and curnt>ersome as to interfere with the necessary interaction between 
the constituent monomeric subunits of the fusion dimer. It will also be preferred to avoid amino acid residues 
that are known to interact with other residues (e.g., cysteine reskJues) and amino ackls that are may create 
unusual twists or turns in an amino acid sequence. 

The fusion multimer of the present inventton is preferably a dimeric member of the PDGF family. More 
preferalJly, the fusion dimer is a dimeric form of PDGF, VEGF, or PLGF. Still more preferably, the fuswn dinter 
is a dimeric form of PDGF. Most preferably, the fusion multin^r of the present invention is a PDGF-BB fusion 
dimer. The preferred PDGF-BB fusion dimer may t>e a biologically active polypeplkJe or an inhibitor polypep- 

tide- 
In the case of a PDGF fusion dimer, a spacer molely is not believed to be necessary. Nevertheless, if a 
spacer moiety is desired in the case of a PDGF fusion dimer, it wi II be preferable to use a spacer moiety selected 
from a portion of the c-sis encoded PDGF precur.sor protein. More preferably selection of the spacer moiety 
will be from the "pr^pra' region of the PDGF precursor protein. The pro-pro region erf the PDGF precursor 
protein in the amino terminal end of the protein l>eglnnlng with amino ackl -81 and ending with amino add -1 . 
This is the region of the PDGF precursor protein that is usually deaved off during procesdbig by l>ost cells Irans- 
fected with the ert^e v-sis or c sis coding sequence, and is not expected to interfere with the refolding of the 
P DGF fusion dimer or contribute errant properties of its own to thef usk>n dimer Importantly, the pre-pro regk>n 
of ttie PDGF precursor protein does not contain any cysteine residues. 

A biologically active fusion dimer was made according to the present inventton using two PDGF-B chains 
connected through a spacer moiety consisting of a portion of the "pre-pro" region of the PDGF B precursor 
protein. Although the spacer moiety is not believed to be necessary to generate a brologrcalty acth/e PDGF- 
BB fusion dimer. this particular fusion polypeptide was conveniently made from available starting materials 
and demonstrated biologica] activity. 

The existence of biological activity in a fusion multinner. such as the PDGF-BB fusion dimer. denr»onstrated 
in the examples which follow, was somewhat surprising in light of the fact that there is no precedent for making 
a biologically active fusion dimer. Although fusion proteins (emptoying a highly expressing protein at the amino 
terrfiinus) have been known to be effective in improving the expression of polypeptides generated for the pur- 
pose of inducing antibody response, these fusion proteins are not required to have bwlogical activHy. but n>ere- 
ly to have epitopes lor recognition by anlixxJies. Also, it has been suggested that Ihe joining of two different 
but related proteffis Into a sin^e fusion protein may result in a synergistic effect not observed when the two 
proteins act independently in their naturally occurring, unfused form. (Williams and Parte. Cancer, 67, 2705- 
2707 (1991; granulocyte-macrophage colony-stimulating fiactor and inlerleukin-3 prepared as fusion protein). 
However, there is no suggestion that two monomeric subunits which must interact directly to exhibit biological 
activity in nature can be linked together in a single continuous pdypepUde yet retain the ability to perfonn the 
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samB necessary interactions required for bk^ogical activity of the resulting fusion muttimar. 

The present invention also provides a method for making a biologically active fusion muttimer t>y trans- 
fecting a host cell with a DNA sequence having the respective coding sequences of each nrw>nonr»eric subunit 
of the mutllmeric polypeptide linked together in a head to tail manner to code for a single continuous polypep- 
5 tide. {Le., the subunits ana not separated by start and stop codons.) If a spacer moiety is desired in the fusion 
dImerpfXkduct, a coding sequence for the spacer moiety is Inserted between the coding sequences for the con- 
stituent nrwnomeric subunits. 

The fusion multimer of the present invention can generally be made by any one of a numt>er of methods 
known to those skilled in the art for the production of recombinant proteins. In many cases, the coding sequenc- 
10 as for the mo no m eric subunits of the fusion dimar may already be avattat>le. These subunits can be easily 
linked together, with orwithout a spacer, through a DNA linker using standard linking techniques known to those 
skilled in the art It is also, or course, possible to synthesize the desired fusion multimer coding sequence using 
a DN A sequenator. The particular method used to generate the coding sequence for the fusion dimer will or- 
dinarily be dictated by an umt>er of practical considerations including the availability of starting materials. Once 
1^ the coding sequoncd for thd fusion inuttimer p»mduct '*& conslructod, iti& insdrtad into a vector, with the resulting 
vector t>eing used to transfed a suitat>le host cell using standard techniques Known to those skilled in the art 
In the case of a PCX3F-BB f usfon homodimer, for example, one can first modify the v~sis gene to obtain 
the human countefp>art c-sis, or use c-sis as a starting material. Two of the modified coding sequences are 
then linked together, following placement of appropriate initiation and stop codons, and inserted into a suitable 
20 vector which is then used to transfect the desired host cell. 

Alternatively, one can either synthesize the PDGF-BB fusion homodimer coding sequence, orfirst cut back 
the c-sis gene or modified v-s/s gene, at an appropriate restriction site near the cart>oxy terminus, and then 
rebuild the cart>oxy terminus of the PDGF precursor pr<rtein coding sequence to the desired end position using 
preferred codons for the particular vector and host cell being employed. The c-s/s gene or modified v^s/s gene 
25 cEin Eilso t>e cut back at an appropriate restriction site near the amino terminus, with the amino terminus t>etng 
built back to the desired starting position, again using preferred codons for the selected vector and host cell 
systems. In other words, any combination of synthetic methods and in vitro nmJtagenesis of naturally occurring 
stanng materials can be used to generate fusion multimerSi such as the PDGF-BB fusion dimer. 

In the preferred method for generating the PDGF-BB fusion dimer of the present invention, the v-sts gone 
30 is modified to obtain the csts gene, otherwise referred to as the PDGF-B precursor protein coding sequence. 
The PDGF-B precursor protein coding sequence is then modified to obtain the desired coding sequences for 
the two monomeric units of the PEXSF-BB fusion dimer, each of which will preferably l>e smaller than the entire 
241 amino acid PDGF-B precursor protein. These units may be identical, or they may slightly different. For 
example, it is po3sit>le to construct a PDGF-BiioBio& fusion homodimer wherein one monramaric sub>unit is the 
35 119 anrrino ackl form of PDGF-B and the other subunit is the 109 amino acid form of PDGF-B. It will typically 
bfi preferred, hut not €>s<%ential. that the monomeric units nf a PDGF-BB fusion homodim^ t>egin at»out amino 
acid 1 of and end between about amino acid 109 and amino acid 11 9 of the PDGF precLirsor protein. The coding 
sequences for the desired two monomeric subunits are then linked together at desired locations, with or without 
a spacer. 

40 The v-sis gene provides an excellent starting material for obtaining a precursor protein coding sequence 

whk^h can then be used to generate coding sequences for the desired monomeric sutHjnits of a PDGF-BB fu- 
sion homodimer according to the present invention. For example, in the region coding for amino acids 1-119, 
there are only five arruno add differences t>6t ween the protein encoded by thei^-s/sgeneandthe c-sis encoded 
PDGF-B precursor protein. Two of these five amino acids in the v-sis gene can be altered by in vitro mutagen- 
's esis techniques to generate a DNA sequence coding for a protein in which the two amino acids are the same 
as the corresponding residues inthePDGF-B precursor protein. A number of methods for fn vitro mutagenesis 
of DNA can beutilizedforintroducingtha desired changes in codons 101 and 107. Such methods are will known 
to those skilled in the art. For example, the method of Eckstein and co-workers (Taylor ei a/.. Nucl Acids Res., 
13, a764-8785 (1985); Nakamae and Eckstein, Nud. Acids Res., 14, 9679-9698 (1986)), as described in the 
so instruction b>ookIet for the Amersham (Arlington Heights, Illinois) "Oligonucleotide- Directed in Vitro Mutagerv 
esis System: kit. is particularly useful in converting the isoleucine residue at amino acid 101 to a threonine 
residue, and the alanine residue at amino acid 107 to a proline residue. 

Following in vitro mutagenesis of amino acids 101 and 107, the altered v-^is DNA may then t>e cut bade 
at tf»e amirK> temrdnus with the restriction enzyme Bgfll, which cuts at a position corresponding to amino acid 
ss 24. The upstream portion of the gene, including the first 24 amino acids, may t>e restored by ligation of the 
downstream. Sgill-cutmutagenized v-sis DNA with a synthetic DNA fragment encoding: (1) an ATG translation 
initiation codon; <2) a serine residue at amino acid 1; and. (3) the remainder of the first 24 amino acid acids of 
the osis encoded precursor protein. In this way, two of the other three variant amino acids. i,e., the serine 
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residue at amino acid 6 and tha valine rasidue at amino acid 7, wilt be converted to the human PDGF-B forms 
(threonine and isoleucine. respectively), with the upstream precursor amino adds encoded by v sis being re- 
moved. 

If a PDGF-B monomer ic unit longer than amino acid 113 of the PDGF-B precursor protein is desired in the 

5 PDGF-B fusion dimer, the codon at amino acid position 114 of the v-si& gene must also t>e replaced with a 
codon coding for the appropriate amino add in the PDGF-B precursor protein. This can t>e accomplished by 
cutting back from the cartxjxy terminus of the rrKtdif ted v-^is gene in a similar manner to that used to replace 
the codons for amino acids 101 and 107. If the PDGF-B, ,9 form is desired as the second monomeric unit in 
the fusion dtnrter, the cart>oxy terminus can be replaced with a synthetic fragment that simultaneously alters 

10 amino acid 114 and replaces amino acid 120 with a stop codon. In this case, the mutagentzed v-sis DNA is 
preferat>ty cut with the restriction enzyme Sma\, which cuts at a position corresponding to airono acid 112. A 
synthetic DNA fragment coding for amino adds 112-119 of the PDGF-B precursor protein, and a translation 
stop codon at position 120 may then t>e ligated to the Smal-cul mutagenized v-srs DNA. This synthetic DNA 
also encodes for a glycine residue, instead of a threonine residue, at amino actd 114, accomplishing the con- 

15 v^rfiion of ih6 fifth variant amino acid to th» corra&ponding amino acid in tho PCX^F-B pracursor protein. 

To create the PDGF-BB fusion homodimer of the present invention, coding sequences for any two desired 
PDGF-B monomeric sutmnlts are ligated together, with or without a spacer sequence, to generate the complete 
fusion dimer coding sequence. The complete coding sequence is then ligated into an appropriate expression 
vector, such as pCFMIISO, and then transformed ortransfected into an appropriate tKxstcell system, preferably 

20 a bacterial host, such as £. co/f. The N-terminal methionine may ba ra moved in vivo fallowing synthesis in the 
host cell, although some E. co// strains fail to remove the N-terminal methionine, thereby producing a recom- 
binant product containing an additional amino acid residue at the amino terminus. 

The preferred host cell system for production of the fusion dimer of the present invention is a t>acterial 
host cell, preferably E. colL In addition to the particular expression systems herein descrbed, other systerr^ 

25 are contemplated by the present invention and indude, for example tnjt without limitation, modification of the 
sites for protease deavage, and/or use of an alternate leader sequence to increase the level of production of 
host cells of the fusion dimers of the present invention. 

The therapeutic application of t>iologicaQy active fusion dimers of the present invention can be used for 
Vhe treatment off many types of wounds of mammalian species by physicians and /or veterinarians. The amount 

30 of t>iologicaIly active PDGF used in such treatments will, of course, depend upon the severity of the wound 
t>eing treated, the route of administration chosen, and the spedfic activity or purity of the fusion dimer, and 
will be determined by the attending physician or veterinarian. The term "fusion dimer therapeutically effective" 
amount refers to the amount of fusion dimer, in the absence of other exogenously applied growth factors, de- 
termined to produce a therapeutic response In a mammal. Such therapeutically effective amounts are readily 

35 ascertained by one of ordinary skill In the art. 

The f U5aon dimer produced in accordance with the present In vent inn may t>e admin red by any route 
appropriate to the wound or condition being treated. Conditions which may be t>enefidally treated with ther^ 
peutic application(s) of PDGF fusion dimer Include the aforementioned open dermal wound, dermal incisional 
wounds, and gastrointestinal indslonat wounds. PDGF fusion dimer may also be u^ed in the liealing of txine, 

40 cartilage, tendons, I laments, and epithelium {e.g., intestinal linings, stomach linings), and in gl'sl repair. 

Preferably, PDGF fusion dimer is applied exogenously to the wound. The exogenous application may be 
by a single application or dose, or by a repeated dose at multiple designated intervals. Composittons for exo- 
genous appltcatton of the PDGF fusion dimer of the present invention ^e readily ascertained by one of ordinary 
skill in the art It will be readily appreciated by tfiose skilled in the art that the preferred route will vary with 

45 the wound or condition being treated. While it is posslt>le for the PDGF fusion dimer to be administered as the 
pure or substantially pure compound, it is preferable to present it as a pharmaceutical formufation or prepara- 
tion. 

The formulations of the present invention, both for veterinary and for human use, comprise a therapeuti- 
cally effective amount of PDGF as abiove described, together with one or more pharmaceutlcat acceptable car- 
50 riers therefore and optionally other therapeutic ingredients. The carrierts) itiust l>e "acceptatile" In the sense 
of being compatible with the other ingredients of the formulation and not deleterious to the recipient thereof. 
Desirat>ty. the formulation should not include oxidizing or reducing agents and other substances with which 
peptides are known to be incompatitile. The formulations may convententty t>e presented in unit dosage form 
and may be prepared by any of the methods well known in the art All mettiods indude the step of bringing 
55 into association the active ingredient with the carrier which constitutes on or nrtore accessory Ingredients. In 
generad the formulations are prepared by uniformly and intimately t>ringing into association the fusion dinner 
with liquid carriers or finely divided solid carriers or t>oth. 

The following examples are provided to aid in the understanding of the present invention, the true scope 
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of which is set forth in tfie appended claims. It is understood tfiat modifications can be made in the procedures 
set fortfi, without departing from the spirit of the Invention. 

Example 1 

5 

Construc^on of PPGF-BnoCoding Sequence 

A PDGF-B| 19 coding sequence, shown in Fig. 3. was constructed using the v-sis gene as a starting nna- 
terial. 

10 

A. Ck>nver3ion of Amino acids 101 and 102 

One microsran^ of the plaanid pC60. a clone of the siirdan sarcoma virus retroviral genome (Wong-Staal 
ef a/.. Science, 213, 226-228 {1981)), was digested with restriction endonucleases Sali and Xbal, with the re- 

is fruiting 1183 base pair fragment then being purified by elect ropttoridtk:: separation in a tow melting ten^perature 
agarose gel. in accordance with the procedures descrit>ed by Maniatis ef a/., Molecutar Ctoning - A Laboratory 
Manuai, Cord Spring Hartyor Laboratory {1982). The purified fragment was then excised from the gel. At the 
same time, 0.2 \ig of M13mp19 DMA was also digested with Saf\ and Xbal, with the large 7245 base pair band 
t>eing similarly isolated from a low melting temperature gel. Both excised gel slices were melted at 65°C, and 

20 then ooolad to 37"*C. All of Ihe gal with the 7245 base pair Ml 3mp1 9 fragment and one fourth of the gel with 
the 1183 base pair v-sts fragment were mixed and ligated according to Struhl, Biotechniques, 3, 452-453 
{1985). The Itgated DMA was transformed into E. cofi K12 strain TGI. and a dear plaque was selected and 
grown in liquid culture. The presence of the 1183 base pair v-s/s fragment in the M13rnp19 vector was con- 
firmed by preparation of Ihe RF form of the phage DNAand restriction map analysts. Messing &taL, NucLAcuds 

25 R&s., 9, 309-321 {1981). 

The Ml 3mp19/v-sfS phage thus ol>tained was grown in liquid culture, and the single stranded DN A isolated. 
Messing et a/., ibid. This DIvIA was used as a template for oligonucleotide-directed in vitro mutagenesis to con- 
vert the amino actds at residues 101 and 107 to the corresponding amino acids of PDGF-B. /,e,, the ATAcodon 
coding for isoleucine 101 was converted to ACA (coding for threonine), and the GCT codon coding for alanine 

30 107 was converted to CCT {coding for proline). 

Ten micrograms of the M13mp1 9i\r~sis single-stranded DNAwas annealed with 8 pmo\ of a phosphorylated 
<^igonucleotide having the sequeru^e: 

5* GGTCACAGGCCGTGCAGCTGCCACTSTCTCACAC 3' 

35 

This sequence is homologous to nucleotides 4283 to 431 6 of the v~sis gane{numt>ering system of Devare, 
/EwO- The underlined bases of the oligonucleotide denote the changes from the v-sis to the human PDGF-B 
sequence. DMA synthesis was initiated on the mutant oligonucleotide, with the complete mutant strand t>eing 
synthesized with the Klenow fragment of B. co// DMA polymerase I using thionucleotide triphosphates, followed 

40 by ligation with T4 DNA ligase. Any remaining sing)e>stranded template Ml 3mp1 8/ v-s/s DNA was removed by 
filtration on nitroceltulose filters. The nonHmutant strand was nicked t>y incubation with restriction endonu- 
clease III. The nicked non-mutant strand was then repolymerized with the deoxynucteotide tn phosphates, us- 
ing the mutant strand as a template. As a result both DNA strands in the final product contained the desired 
mutations. The DNAwas transformed into E. cof^K^2 strain TGI. Plaques were selected, grown in liquid cul- 

45 ture, and the single-stranded DNA tsolaled. The DNA was sequenced by the method of Sanger Bt at., Proc. 
Nat!. Acad. Set, USA, 74, 5463-5467 {1977) to confinm that the desired mutants had been obtained. 

B. Conversion of Amino Acids 6 and 7 

50 In the next step, the 5* -end of the mutated v>-sis gene was replaced with a synthetic DNA fragment which 

changed amino actds 6 and 7 from the v~sis to the huinan PDGF-B forms. This synthetic fragment also provided 
a translation- initiating ATG codon Immediately preceding the codon for serine 1 of human PDGF-B, as well as 
ptfoviding sequences for binding to E. coii ritx>sornes and a restriction site for ligation into the desired E. coU 
expression vector {described below). The synthetic DNA fragment was ligated to the Bgfll site located a! nu- 

55 cleotide 4061 of the v-sis gene {num tiering system ol Devare et at., ibid). Because a Bgf\\ site which is present 
within the M lamp 19 vector would connplicate and interfere with this step, the mutated v-sis gene was first 
moved to the commercialty available plasm id vector pUC18, which does not contain a BgAI site. The 
M13mp19/v-s^s mutant RF DNA was rest rtcled with Saf\ and SamH1, and the resulting 1193 base pair fragment 



8 



EP 0 618 227 A1 



isolated by electrophoresis using a low melting tefTiperaturB agarose gel. This fragment was ligatod to the plas- 
mid pUC18 which had also been restricted with Safl and BamH^. The ligated DNA was transformed into the 
commercially available E. coB K12 strain DH5 and transformants were selected by grcjwth in the presence of 
ampicillin. Colonies were selected, grown in liqutd culture, and isolated ptasmid DNA analyzed by restriction 

5 mapping for the pr&sence of the v-sis insert. 

The pUC18/v^»s mutant DNA was restricted with H/mflll, which cuts in the polylnker of pUC18 just up- 
stream of the nmjtated v-sfe insert, and with 6g/ll. which cuts within the v-sis DNA at nucleotide 4061 (Num- 
bering system of Devare et a/., ibid) corresponding to amino acid number 24 of the mature protein product 
The large 3365 base pair fragment resulting from this reaction was isolated by electrophoresis in a low melting 

10 temperature agarose gel. This fragment was ligated to a synthetic double-stranded DNA fragment having the 
following sequence: 

3 * AGCTTCTAGAAGGAGGAATAACATATGTCTCTGGGTTCGTTAACCATTGCG- 
15 3 • AGATCTTCCTCCTTATTGTATACAGAGACCCAAGCAATTGGTAACGC- 

-GAACCGGCTATGATTGCCGAGTGCAAGACACGAACCGAGGTGTTCGA 3 ' 

^ -CTTGGCCGATACTAACGGCTCJICGTTCTGTGCTTGGCTCCACAAGCTCTAG 5* 

This synthetic DNA fragment contains a HfndlW "sticky" end at its upstream (left) end and a Sgfll "sticky" 
end at its downstream (right) end. In addition, an Xfial site (TCTAGA) is present within the synthetic DNA just 

25 downstream of the HfndlW 'sticky' end, which allows sub>sequent restriction with Xbai for ligation into the Xbal 
site of an expression vector descrit>ed t>ek>w. The ligated DNA was transformed into £. coft KA2 strain DH5, 
with transformants being selected by growth on ampKillin-containing medium. The plasmid DNAs from result- 
ing colonies were analyzed by restriction mapping for the presence of the synthetfc DNA fragment At this point 
the pUC18/v-s^s construction contained a mutated v-sis gene, with amino add number 6, 6, 101, and 107 

30 changed to the human PDGF form, and its 5' -end altered to begin translation with an ATG codon immediately 
preceding serine 1. 

C. Conversion of Amino Acid 114 and Placement of a Stop Codon at Amino Add 120 

35 In the next step, the codon for amino add number 114 was changed from ACT to GGT resulting in the - 

£ut>stitution of glycine for threonine in the final protein product. In addition, codon mimt}er 120. in which GCC 
codes for alanine in v-sis, was changed to TAA, a trarrelation termination codon. The resulting protein product 
of this constructkan ends with the aryinine al residue 1 1 9. Both of the changes were accomplished In one step 
by insertion of a synlhelk; DNA fragment after a SmaA site located within codon number 112. 

40 The p>UC18/v-s/s mutant DNA generafed above was restricted with Smal, which cuts at nucleotide 4324 

in the v-sis sequence (numbering system of Devare et al,, ibid), and with EcoRI, which cuts in the polylinker 
of pUC18 just downstream of the v-sis Insert A small fragment (510 base pairs) between the S/nal and EcoRl 
sites, coding for the C-tenninal portion of the v-sis protein and a 3'- untranslated sequence, was removed by 
electrophoresis on a low melting temperature agarose gel. The large fragment (atx>ut 3530 base pairs) was 

45 ligated to a synthetk; DNA fragment having the following sequence: 

5' GGGGGGTTCCCAGGAGCAGCGATAAG 3' 
3' CCCCCjC^GGGTCCTCGTCGCraiXCXTAA 5' 

so 

The GGT codon coding for Ihe new glydne residue al piosition 114 and the' TAA termination codon intro- 
duced at positton 120 are underlined above. This synlhetic DNAfragn^ant contains a blunt end al its upstream 
(left) and for ligating to the trfunt end created by restrictkin of the v-sis mutant sequence with Smal, and an 
EcoRI "^Icky end at its downstream (right) end for ligating to the EcoRI end created by restriction of the pUCI 8 
55 polylinker with £coRI. The ligated DNA was transformed into £. cob K12 strain DH5. with transformants t>eing 
selected by growth on ampidllin-containing medium. The ptasmki DNAs from resulting colonies were analyzed 
for Ihe presence of the synthetic DNA fragment by rest rid ion mapping. 



9 



EP 0 618 227 A1 

Example 2 

Construction of PDGF-Bipg Prectireor Coding Sequence 

5 A PDGF-Bio9 precursor coding sequonce, &hown in Fig. 4 and containing amino acids -84 lo -1 of the pr^ 

pro region of PDGF-B precursor protein and the f g-st 109 amino acids of the mature PDGF-B sequence, was 
constructed using a conri>ination of naturally occurring and synthetic nudeic acid sequences, with the naturally 
occurring v-s/s gene being employed as a starting materiaL 

Specirically, thePDGF-B^ag precursor coding sequence was derived as follows. The DNAfrom nucleotides 

70 1 to 9a was a synthelic DHA fragment wherein nucleotides 1 to 5 coded for a Safl restriction site (for use in 
ligation of the completed coding sequence into a plasmid vector), and nucleotides 6-98 exactly matched the 
region of human PDGF-B starting with the translation-initiating ATG at amino acid -81, and ending with an in- 
frame Sad restriction site at amino acid -55. 

The DNAfrom nucleotides 99 to 220 was derived from a Sacl to BsiXi fragment from the pre-pro region 

IS of y/.&is (nucleotidofi 3fi33 to 3953 of Kimiart earcoma virus, Devara at a/., ibiO) corrosponding to amino acids 
-54 to -13 of the PDGF-B pre-pra region. The sequence from nucleotide 221 to 269 was derived from a synthetic 
DNA fragment with a BsiXl site at its up-stream and a Hpa! hatf-site at its downstream ends, which encoded 
the amino acid sequence of the human PDGF-B precursor protein from amino acid -12 to +5. The sequence 
from nucleotide 270 to 326 was derived from a synthetic DNA fragment, with a Hpal half-site at its upstream 

20 end and a Bgli\ site at Its downstream end, which encoded the amino acid sequence of the human PDGF-B 
protein from amino acid +6 to amino acid +24. The sequence t>etween nucleotides 327 and 1087 was derived 
from a BgfW to Xba\ fragment of v~sis (nucleotides 4225 to 4820 of simian sarcoma virus. Devare ef a/., ibid) 
corresponding to amino acids +25 to +160 of human PDGF-B, as well as the entire 3'-untransiated region. The 
sequence of this latter v-sis fragment was altered by in vitro mutagenesis (as described earlier in Example 1 

25 with respect to the PDGF-Bi la coding sequence) to convert nucleotide 557 from T to C, thereby converting 
isoleucine-101 of v~^s to threonine as in human PDGF-B. and to convert nucleotide 574 from G to C, thereby 
converting alanine- 107 of v-sis to proline, as in human PDGF-B. !n vitPo mutagenesis was also used to convert 
nucleotide 583 from C to X nucleotide 586 from A to T, nucleotide 587 from G to A. and nucleotide 588 from 
C to A, thefBby creating two tandem translation tenmination codons after amino acid 109 of PDGF-B. 

30 The composite DNA sequence encoding thePf:K3F-B precursor protein (PDGF-B,oa preceded by the entire 

pre-pro region of the PDGF precursor protein) was cloned as a Sa!\ to Xba\ fragment into the commercially 
available plasmid pGEM3. The f>GEM3 plasmid contains a Sad restriction site just downstroam of the Xbal 
site. The pGEMa/PDGF-BWprecursor plasmid was used as a source for a Sad to Sad fragment, encoding 
amino acids -54 to -1 of the PDGF-B pre-pro region, amino acids 1 to 1 09 of the mature PDGF-B protein, and 

35 the 3*-untranslated RNA sequence of v-sis, in constructing the PDGF-B fusion dimer DNA sequence, as de- 
.<;cnbed in Example 3, t>elow. 

Example 3 

^ Ck)nstrucfaon of POGV-B^^^^^^^^ Plasmid in pUC18 Vector 

A. Insertion of PDGF-Bne coding sequence plus synthetic joining-linker into pUC18 

The PDGF-Bne coding sequence from Example 1 and the PDGF-Bi^ coding sequence from Example 2 
45 were linked together through a spacer coding sequence to form a coding sequence for a PDGF-BnaBioa fusion 
homodimer. 

The pracursor vector containing the PDGF-B no coding sequence was bacteriophago Ml3mp19. The sin- 
gle-stranded coding sequence was made double stranded by a standard in vitro reaction utilizing the Klenow 
fragn>ent of £. co/f DNA pofymarase I. This doubles! rand ed coding sequence was digestsd with the restriction 

50 enzymes Xbal and Smal to release an approximately 380 base pair insert containing the PDGF-B, ,9 coding 
sequence up to the Smai sHe at amino acid 112. Thus, the DNA encoding the last 7 amino acids was absent 
in this DISlAfragn>enL The fragment was purified by electrophoresis through and extraction from a Sea plaque 
brand low-melting temperature agarose gel. The isolated PDGF-B, ,6 DNA fragment was mixed wilh a synthetic 
DNA linker containing a triunt-end Sma\ half site at its upstream end. and a Sad adapter site at its downstream 

55 end. The linker itself encoded amino acids 11 3-1 1 9 of the PDGF-Bt ,9 monomeric unit plus amino acids number 
-54 and -53 of the pre-pro region of the PDGF-B precursor protein. The PDGF-B, DNA fragment plus the 
linker were ligaled into the vector pUC18 which had been cut with Xba\ and Sad. The llgated DNA was trans- 
formed into £. coii K-12 strain DH5a. (See Fig. 2.) 
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Plasmid DNAwaa iscdatad from saveral of the rasulting transfonmant colonies, and the DNA inserts wbtb 
analyzed by agarose gel electrophoresis. One plasmkl with the correct Insert was identified and utilized for 
the next step. 

B. I nsertion of the coding sequence for the spacer moiety and PDGF-Btoa subunit downstr&am of PDGF- 
Bi ifl sutwjnft coding sequence and the linker 

A DMA segment encoding the anrano adds nu mber -52 to -1 of the pre-pro region of the PDGF-B precursor 
protein, plus amino acids number 1-109 of the mature PDGF-B sequence (PDGF-B,o9). followed by two trans- 
lation stop codons and the ^-untranslated sequence of the v-sis gene, was inserted into the above construct 
at the Sad site. This was accomplished by first linearizing the above pUCI 8 construct containing the DNA en- 
coding PDGF-Bi,»and the linker with Sad. Next, a plasmid (pGEMa/FDGF-Biog/precursor) containing DNA 
coding for the entire PDGF-B precursw protein (with two slop codons following amino acid 109, so that the 
protein translation product was terminated after amino acid 109) was restricted with Sadl. This reslriction re- 
Idasod a 1010 base pair fragment who&e up&tream end began with the codon for amino acid numbar -52 of 
the pre-pro region of the PDGF-B precursor protein, followed by the remainder of the protein coding region 
and the S'-untranslated region, and whose downstream end contained part of the rruiltiple cloning site of 
pGEM3. This fragment encoding part of the pre-pro region of PDGF-B precursor protein as well as the 109 
amino acid form of mature PDGF-B, was ligated into the Sad-cut pUC18/PDGF-B,t9 construd described in 
Part A of this example. The ligation mixture was transformed into E. coli strain DHSo, and plasmids from re- 
sulting colonies were analyzed by restridion analysis with the enzyme Bg/ll. (See Fig. Z) 

Example 4 

Expression of PDGF-BiiftB,Da Fusion Dimer in E. cofi 

The insert in pUC18 descrit>ed in Example 3, coding for the PDGF-BnsBiog fusion dimer with a pre-pro 
spacer, was removed from pUC18 by restridion with Xbal. The 1369 base pair Xbal frag n>enl was purified by 
electrophoresis on a Seaplaque low-melting temperature agarose gel, and Itgated into the E. co/i expresston 
vector pCFM1156. The plasrrwd pCFM1156PL is prepared from the known plasmid pCFM836. The preparation 
of plasmkJ pCFM836 is described in U.S. Patent No. 4,710.473, the relevant portions of the sped ficati on. par- 
Uoularly examples 1 to 7, are hereby incorporated by reference. To prepare pCFM1 156 and pCFMS36. the two 
endogenous Ntfel r^tridion sites are cut, the exposed ends are filled with T4 polynnerase, and the filled ends 
are blunt- end ligated. 

The resulting plasmid is then digested wnth C/al and Kpn\ and the excised DNA fragment is replaced with 
a DNA oligonticleotidft of the following sequence: 

5' -> 3» 
Clal 

CGATTTGATTCTAGAAGGAGGAATAACATATGGTTAACGCGTTGGAATTCGGTAC 

TAAACTAAGATCTTCCTCCTTATTGTATACCAATTGCGCAACCTTAAGC 
3' -+ 5- 

The pCFM1155 vector contains a region for Insertion of foreign genes between an upstream Xba\ site and 
one of a number of downstream restriction sites. In this case^ just the Xbal site was utilized. 

The ligation mixture was transformed into £. co// strain FKt-5 (ATCC NO. 57545). and transformants were 
analyzed by restriction mapping. A clone contsining the insert fragment in the correct orientation was identified. 
The DNA ffisert present in this plasrrod was subsequently sequenced, and the observed sequence matched 
the expected sequence coding for the protein in Fig. 1 . 

The f ffial expression plasmid contained an inserted DNA sequence which codes for a protein that begins 
with an initiaUng methionine, followed by amino acids 1-119 of the human PDGF-B sequence, followed by a 
spacer of amino acids -54 to -1 of the pre-pro region of the human PDGF-B precursor protein sequence, fol- 
lowed by amino acids 1-109 of the human PDGF-B sequence. The procaryotic £ cofi host cells removed the 
N-temiinal methionine after synthesis, so that the final protein produced corresponds to the PDGF-BngBios 
fusion homodimer having a spacer of 54 amino acids. 
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The £ con done containing the insert for the PDGF-B,,oBia3 fusion di mer was grown in liquid cuH ure at 
30^ for 2 hours, and then switched to the induction temperature of 42"C for4 hours. Aliquots of the cells before 
and after induction were lysed by boiling in SDS, and proteins were analyzed by SDS gel electrophoresis fol- 
lowed ^ sla.ning with Coomassie Blue dye. A band of approximately the right predicted size (31Kd) for the 
PDGF-B, i»B,Mf us«n dim&r was observed in the lane derived from cells after induction, which was nol present 
m the lane from uninduced cells. Proteins were transfenred from the gel to a nitrocellulose membrane via a 
Western blot procedure, and the blot was analyzed by incubation with an antibody to PDGF-B The new protein 
in the induced cells containing the PDGF-Bn^B^og fusion dimer plasmid specifically reacted with the antibody 
conf trming that this protein wa& in fact the PDGF-B„gB,os fusion dimer. 

Example 5 

Mitpgentc Activity of Unpurif ted PDGF-BnsBuvg Fusion Dimer 



A6 a first t^t for potential mitogonic attivfty of the POGF-Bh^^o. fusion dimer, E. coff colts expressing 
the protem were lysed in a French press. The insoluble material, which included most of the PDGF-B, 
fusion dimer protein, was pelleted by centrif ugation. The pellet was sdubilized In 0.8 ml of 6 M guankJine Ha 
then diluted into 8 ml of 50 mM Tris HO. pH 8.0. It was esUmated by electrt>phoretic analysis that this sample 
contained about 30 ^,gM of the PDGF-B„s,B,a9 fusion dimer. This material was analyzed at several concen- 
trations for mitogenic stimulation of NRK fibroblasts. A dose-dependent stimulation was observed with max- 
imuni stimulabon occurring at a PDGF-B„^,09 fusion dimer dose of approximately 34 ng/ml. This was the 
first demonstration that the protein was biologically active, and even when "folded- by this crude procedure 
the level of activity was comparable to that of wild-type PDGF-BB. 

Example 6 

Purif icatton and Refolding of PDGF-BngBtoa Fusion Dimer 

Cells from the E. cofr" fermenlalion medium of Example 5, containing PDGF-B^,s>B,o3 fusion homodimer 
were pun f led in two batches. In brth cases, the cells were first suspended in about 10 volumes (wet 
weightA^olume) of water, and then passed three times through a Gaulin homogenizer of 9000 psi The homo^ 
genized cells were then centrif uged at 5000 x g for 1 hour at and the supernatant discarded 

The resulting precipitate (Inclusion bodies containing PDGF-Bn9B,o« fusion homodimer) was suspended 
in 6 M guanidine-HCI, 100 mW Tris chloride, pH 7.5 at a volume of about 60% of the volume of water used for 
the first cell suspension, p-mercaptoethanol was added to a concentraUon of about 0 08% (v/v) and the sus- 
pension mixed for 90 minutes at ambient temperature. Five volumes of water were slowly add^ ov«- about 
15 minutes, mixing continued for aboul 16 hours at ambient temperature. Water was slowly added to bring the 
giianidine-HCI concentration to 0.6 M. The pH was adjusted to about 3.5 with acetic add and mixed at 4-C for 
about 3 hours. The suspension was then centrif uged a 1 1 7,700 x g for 1 5 minutes at 4-C lo clari ly the mixture 
The resulting supernatant was then loaded onto an S-Sepharose® column (Pharmacia Biotech Piscataway' 
New Jersey) equilibrated with 0.1 M sodium acetate. pH 4. The loaded column was washed with- (1) 20 mM 
sodium phosphate. pH 7.5; then (2) 20 mM sodium phosphate. pH 7.5. 0.1 M sodium chloride; and then (3) 20 
mM sodium phosphate, pH 7.5, 1 .0 M sodium chloride. 

The fractions in the last wash, containing the PDGF-B„^io& fusion homodimer, were pooled and applied 
to an I mmunoarffinity column containing a monoclonal antibody recognizing PDGF-BB. The loaded affinity col 
T""^^^^^"^ ^^^^'^^ ^^'"^ 25 mM Tris^chloride. pH 7.5; and then (2) 0.5 M sodium chlor- 

ide. pdgf-B„bBiob fusion homodimer was then eluted with 1 M acetic acid, 0.15 M sodium chloride and con- 
centrated overan Amicon<S)-yM10 (Amicon. Beverly. Massachusetts) membrane solvent-exchanged with wa- 

The PDGF-B,i9B,o9 fusion homodimerwas then applied to a polys ulfoelhyl aspartamide column fThe Nesi 
Group. South Boro. Massachusetts) and developed with a linear gradient of 0 to 1 M sodium chlorWe in 20 
mM sodium phosphate. pH 6.8. Those fractions containing the PDGF fusion dimer were pooled, concentrated 
and then exchanged into 10 mM sodium acetate. pH 4/0.15 M sodium chloride. 
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Example 7 

Mtogenic Activity of Purified and Folded PDGF-BuqBioq Fusion Dimer 

The first batch of purif fed PDGF-B, laB^od fusion dimer from ExampI© 6 was assayed for mitogenlc activity 
on NRK cells, and was found to have activity similar to that of wild-type PDGF-BB. 

The second batcTi of purified PDGF-Bn^Biw fusion dimer from Example 6 was analyzed by gel electro- 
phoresis and for mhogenic activity on NRK cells. The protein ran as a dimer of approximately 31 Kd t>efore 
and after reduction, indicating that the protein is a true fusion dimer. as shown in Fig. 5 The dose-response 
curves in the NRK mltogenicaclivily assay of the PDGF-BnBBiosfusion dimer and of wild-type PDGF-BB honrv 
odimer were very similar, as shown in Fig. 6. 
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(G) TELEPHONE- 805-499-5725 

(H) TELEFAX: 805-499 -8011 

(ii) TITLE OF INVENTION: Biologically Active Polypeptide Fusion Ditners 
fiii) NUMBER OF SEQUHNCES : 11 



<iv> COMPUTER READABLE FORM: 

(A> MEDIUM TYPE: Floppy di-Sk 

(B) COMPUTER r IBM PC COOlpaticle 

fC) OPERATING SYSTEM: PC - DOS /MS - DOS 

(D) SOFTWARE: Patent In Release #1,0, version SI. 25 <EPO) 



(2) INFORMATION FOR SEQ ID NO: 1: 

;i) SEQUENCE CHARACTERISTICS: 
iA} LENGTH: 9 8 base pairs 
30 {B^ TYPE; nucleic acid 

(CJ STRANDEDMESS : single 
(D) TOPOLOGY: linear 

(3ci) SEQUENCE DESCRIPTION: SBQ ID NO: 1: 

35 AGCTTCTAGA AGGAGGAATA ACATATGTCT CTGGG^CGT TAACCATTGC GGAACCGGCT 60 

ATGATIVJCCG AGTGCAAGAC ACGAACCGAG G*l-LriTCXiA 9 8 



{!) INFORMATION FOR SEQ ID NOr 2: 

^ (i) SEQUENCE CH ARACTERX STI CS : 

(A) LENGTH: 9 8 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNBSS : single 
tD) TOPOI^Y: linear 

45 (jci; SEQLTENCE DESCRIPTION: SEQ ID IJO : 2: 

GATCTCGAAC ACCTCGGTTC GTGTCTTGCA CTCGGCAAXC ATAGCCGCTT CCGCAATGGT SO 

TAACGAACCC AGAGACATAT GTTATTCCTC CTTCTAGA 93 



55 
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(4) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 
<A) LENGTH: 26 base pairs 
(B) TYPE: nucleic acid 
<C) STRANDEDNESS : sir.gle 
CD) TOPOLOGY: linear 

txi) SEQUENCE DESCRIPTION: SEQ ID NO; 3: 

GGGGGGTTCC CAGGAGCAGC GATAAG 26 

(5) INFORMATION FOR SEQ ID HO: 4: 

<i) SEQUENCE CHARACTERISTICS: 
(A> LENGTH; 30 base pairs 
(b: TYPE: nucleic acid 
(C> STP-ANDEDNESS : sincle 
(Dl TOPOLOGY-, linear 

txi) SEQUENCE D3SCRIPTION; SEQ ID NO: 4: 

AATTCTTATC GCTGCTCCTO GGAACCCCCC 30 

iG) INFORMATION PGR SEQ ID NO : 5: 

(i) SEQUENCE CHARACTBRISTICS T 
(AI LENGTH: 55 toase pairs 

(B) TYPE: nucleic acid 

(C) STRANDEX)KBSS : single 
(D> TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: S: 

CGATTTGATT CTAGAAGGAG GAATAACATA TGGTTAACGC GITGGAATTC GGTAC SS 



( 7 } INFORMATION FOR SBQ ID NO : 6 : 

(i) SEQUENCE CHARACTERXSTICS : 
(A) LENGTH: 49 base pairs 
iB't TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(xi) SEQUEIJCE DESCRIPTION: SBQ ID NO: 6: 
CGAATTCCAA CGCGTTAACC ATATGTTATT CCTCCTTCTA GAATCAAAT 



50 
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{8> INFORMATION FOR SEQ ID NO: 7: 

<i) SEQUENCE CHARACTER ISTICS : 

(A> LENGTH T 387 t»ase pairs 
(B> TYPE; nucleic acid 
(C> STRANBBDNESS : double 
(D) TOPOLOGY: linear 

(ijt) FHATURB: 

(A) NAME/KEY; CDS 

{B> LOCATION: 20. .379 

(xi) SEQUBNCK DBSCRIPTION: S3Q ID NO: 7: 

CTAGAAGGAG GAATAACAT ATG TCT CTG GGT TCG TTA ACC ATT GCG GAA CCG 52 
Met Ser Leu Gly Ser Leu Thr lie Ala Glu Pro 
15 10 

20 

GCT ATG ATT GCC GAG TGC AAG ACA CGA ACC GAG GTG TTC GAG ATC TCC 100 
Ala Met lie Ala Glu Cys Lys Thr Arg Thr Glu Val Piie Glu lie Ser 
IS 20 25 

CGG CGC CTC ATC GAC C6C ACC AAT GCC AAC TTC CTG GTG TGG CCG CCC 148 
25 Arg Arg Leu lie Asp Arg Tlir Asn Ala. Asn Plie Leu Val Trp Pro Pro 
3C 35 40 

TGC GTG GAG GTG CAG CGC TGC TCC GGC TGT TGC AAC AAC CGC AAC GTG 196 
Cys Val Glu Val Gin Arg Cys Ser Gly Cye Cys Asn Asti Arg Asn Vca 
45 SO 55 

^ CAG TGC CGG CCC ACC CAA GTG CAG CTG CGG CCA GTC CAG GTG AGA AAG 244 
Gin Cys Arcr Piro Thr Gin Val Gin Leu Arg Pro val Gin val Arg Lys 
60 " 65 70 7S 

ATC GAG ATT GTG CGG AAG AAG CCA ATC TTT AAG AAG GCC ACG GTG ACG 292 
lie Glu lie Val Arg Lys Lys Pro lie Phe Lys Lys Ala Ttir Val Thr 
^ 80 35 90 

CTG GAG GAC CAC CTG GCA TGC AAG TGT GAG ACA GTG GCA GCT GCA CGG 34C- 
Leu Glu Asp a is Leu Ala Cys Lys Cys Glu Thr Val Ala Ala Ala Arg 
95 100 105 

^ CCT GTG ACC CGA AGC CCG GGG GGT TCC CAG GAG CAG CGA TAAGAATT 387 
Pro Val Thr Arg Ser Pro GXy Gly Ser Gin Glu Gin Arg 
110 115 120 



(9) INFORMATION FOR SEQ ID NO : 8: 

45 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 120 amino acids 

(B) TYPE: amino acid 
(d; TOPOLOGY: linear 

;ii> MOLECULE TYPE: protexji 

(xi) SEQUENCE DESCRIPTION: SKQ 10 NO: S: 
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Mec Ser Leu Gly Ser l^eu Thr lie Ala Glu Pro Ala Met lie Ala Glu 
i 5 10 15 

Cys bys Tbr Arg Th.r Glu Val Phe Glu lie Ser Axg Arg I#eu lie Asp 
, 20 ^ 25 30 

Arg Tlir Asn Ala Asn Plie Leu Val Trp Pro Pro cys Val Glu Val Gin 
35 40 45 

Arg Cys Ser Gly Cys Cys Asn Asn Arg Asn Val Gin Cys Arg Pro Thr 

50 55 €0 

Gin Vai GlTi Leu Ar9 Pro VaJ. Gin Val Arg LyB He Glu lie Val Arg 
65 70 75 SO 

Lys Lys Pro lie Phe Lys Lys Ala Tlir Val Thjr Leu Glu Asp Hie Leu 
as 90 95 

Ala Cys Lys Cys Glu Thr Val Ala Ala Ala Arg Pro val Thr Ara Ser 
IQO 105 110 

Fro Gly Gly Ser Gin Glu Gin Arg 
115 120 

(10) INFORMATION FOR SEQ ID NO: 9: 

(i] SEQUENCE CKASACTERXSTTCS : 

fA) IjENGTK: 568 base pairs 
(B) TYPE; nucleic acid 
{C) STIRANDEDNESS : double 
(D) TOPOL.OGV: linear 

•ix) FEATURE: 

[A> NAMH/KEY: CDS 

(B) LOCATIOMi 13.-582 

{xi) SEQUENCE DESCRIPTION: SEC ID MO: S: 

TCGACAGTCG GC ATG AAT CGC TGC TGG GOG CTC TTC CTTG TCT CTC TGC 4 8 

Met Asn Arg Cys Trp Ala Leu Phe Leu Ser Leu Cys 
i S XO 

TGC TAC CTG CGT CTG GTC AGC GCC GAG GGG GAC CCC ATT CCC GAG GAG 96 
Cys Tyr Leu Arg Leu Val Ser Ala Glu Gly Asp Pro He Pro Glu Glu 
15 20 25 

CTC TAT AAG ATG CTG AGT GGC CAC TCG ATT CGC TCC TTC GAT GAC CTC 14 4 

Leu Tyr Lys Met Leu Ser Gly His Ser lie Axg Ser Phe Asp Asp Leu 
30 35 40 

CAG CGC CTG CTG CAG GGA GAC TCC GGA AAA GAA GAT GGG GCT GAG CTG 192 
Gin Arg Leu Leu Gin Gly Asp Ser Gly Lys Glu Asp Gly Ala Glu Leu 
45 50 55 GO 

GAC CTG AAC ATG ACC CGC TCC CAT TCT GGT GGC G-^G CTG GAG AGC TTG 24 0 

Asp Leu Asn Met Thr Arg Ser His Ser Gly Gly Glu Leu Glu Sec Leu 
65 70 75 
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G"T CGT CCG AAA AGG AGC CTG GGT TCG TTA ACC ATT GCG GAA CCG GCT 
Ala Arg Gly Lys Arc Ser Leu Gly Ser Leu Thr He Ala Glu Pro Ala 
80 85 90 

ATG ATT GCC GAG TCC AAG ACA CGA ACC GAG GTG TTC GAG ATC TCC CGG 
Met lie Ala Glu Cys Lys Thr Aarg Ttur Glu Val PUe Glu lie Ser Arg 
95 100 105 

CGC CTC ATC GAC CGC ACC AAT GCC AAC TTC CTG GTG TGG CCG CCC TGC 
Arg Leu He Asp Arg Thr Asn Ala Asn Phe Leu Val Trp Pro Fro Cys 
110 lis 120 

GTt; GAG GTG GAG CGC TGC TCC GGC TGT TGC AAC AAC CGC AAC GTG CAG 
Val Glu val Glji Arg Cys Ser Gly Cys Cys Asn Asn Arg Asti Val Gin 
125 130 135 140 

TGC CGG CCC ACC CAG GTG CAG CTG CGG CCA GTC CAG GTG AGA AAG ATC 
CVS Ara Pro TMr Gin Val Gin Leu Arg Pro Val Glu Val Arg Lys He 
^ T/iR ISO 155 



145 150 

GAG AT" GTG CGC AAG AAC CCA ATC TTT AAG A-AG GCC ACG GTG ACG <7VG 
Glu He Val Arg Lys Lys Pro lie Phe Lys Lys Ala Thr Val Thr Leu 
160 155 170 

GAG GAC CAC eiC; GCA iXiC AAG T^GT GAG ACA i3ri\i GCA GCT GCA CUT 
Glu ASP His Leu Ala Cys Lys Cys Glu Thr Val Ala Ala Ala Arg Pro 
175 180 185 

GTG ACC TGATAA 
Val Thr 
190 



(3,1) INFORMATION FOR SEQ ID NO: 10: 

(i> SEQUENCE CHAEACTERISTICS: 
(A) LECrcTHi 190 amino acids 
(E) TVPE ; occiixio acid 
(d; TOPOLOGY: linear 

(ii> tlOLBCULE TYPE: protein 

(xi> SEQUENCE DESCRIPTION: SEQ ID tK>: 10: 



Met Asn Arg Cys Trp Ala Leu Phe 
1 5 

Leu Val Ser Ala Glu Gly Asp Fro 
20 

Leu Ser Gly His Ser He Arg Ser 
35 40 

Gin Gly Asp Ser Gly Lys Glu Acp 
SO 55 



Leu Ser Leu Cys Cys Tyr Leu Arg 
10 15 

He Pro Glu Glu Leu Tyr Lys MeC 
25 30 

Phe Asp Asp Leu Gin Arg Leu Leu 
45 

Gly Ala Glu Leu Asp l*eu Asn Met 
60 
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Thx Ajrg Ser His 
65 

Ar^ Ser I*eii Gly 



Cys liys Th.r Arg 
ICO 



Arg Thr Asn Ala 
115 

Arg Cys Ser Gly 
130 

Gin Val Gin Leu 
145 

LvE Lys Pro lie 



Ala Cys Lys Cys 
180 



Ser Gly Gly Glu 
70 

Sex Leu Thr lie 
85 

TMr Glu Val Phe 



Asa Phe Leu Val 
120 

Cys Cys Asn Asn 
135 

Arg Pro Val Gin 
ISO 

Phe try 3 Lys Ala 
165 

Glu Tlir Val Ala 



Leu Glu Ser Leu 
75 

Ala Glu Pro Ala 
90 

Glu He Ser Arg 
105 

Trp Pro Pro Cys 



Arg Asn Val Gin 
140 



Val Arg Lys He 
155 

Thr Val Thr Leu 
170 

Ala Ala Arg Pro 
185 



Ala Arg Gly Lys 
80 

Met He Ala Glu 
95 

Arg Leu He Asp 

lie 

Val Glu Val Gin 
125 

Cys Arg Pro Thr 



Glu He Val Arg 
160 

Glu Asp His Leu 
175 

Val TUr 
190 



C12) rNFORMATIQK" FOR SEQ ID NO : 11; 

(i) SEQUENCE CHARACTBRISTICS : 

(A) LENGTH: 282 amino acids 

(B) TYPE: amino acid 

(C) 3TRANDSDNESS : single 

(D) TOPOLOGY: unknown 

(ii) r^LECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION; SEQ ID NO; 11: 

Ser Leu Gly Ser Leu Thr lie Ala Glu Pro Ala Met He Ala Glu Cys 
15 10 15 

Lys Thr Arg Thr Glu Val Phe Glu tie Ser Arg Arg Leu He Asp Arg 
20 25 30 

Thr Asn Ala Asn Phe Leu Val Trp Pro Pro Cys Val Glu Val Gin Arg 
35 40 45 

Cys Ser Gly CyS Cys Asn Asn Arg Asn Val Gin Cys Arg Pro Thr Gin 
50 55 60 

Val Gin Leu Arg Pro Val Gin Val Arg Lys He Clu He Val Arg Lys 
65 70 75 30 

Lys Pro He Phe Lys Lys Ala Thr Val Thr Leu Glu. Asp His Leu Ala 
85 90 95 

Cys Lys Cys Glu Thr" Val Ala Ala Ala Arg Pro Val Thr Arg Ser Pro 
lOO 105 110 
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G±y Gly Se^ GXn GXu GXn Axg Glu Leu Tyr LyB Met Leu Ser Gly His 
±±i 120 



X25 



Ser lis Arg Sex Phe Asp Asp Leu Gin Arg Leu Leu Gin Gly Asp Ser 
, X33 140 

Gly Lys Glu Asp Gly Ala Glu Leu Asp Leu Asn Met Thr Arg Ser Hi= 
" 1=0 155 j^g- 

Ser Gly Gly Glu Leu Glu Ser Leu Ala Arg Gly Lys Arg Ser Leu Gly 
-65 no 

Ger Leu Thr lie Ala GXu Pro AXa Met lie Ala Glu Cys Lys Thr Aro 
180 185 

rur Glu Val Phe Glu lie Ser Arg Arg Leu He Asp Arg Thr Asn Ala 



205 



ASH Phe Leu Val Trp Pro Pro Cys Val Glu Val Gin Arg Cys Ser Gl^, 

■'^^ 215 220 

Cys Cys Asn Asn Arg Asn Val GXn Cys Arg Pro Thr GXn Val Gin Leu 

230 235 240 

Ai:^ Pre VaX GXn VaX Arg Lys lie Glu He Val Arg Lys Lys Pro lie 

245 250 255 

Fhe Lys Lys Ala Thr Val Thr Leu GXu Asp His Leu Ala Cys Lys Cys 



260 265 

Glu Thr- Val Ala AXa Ala Arcr Pro Val Thr 
275 ' 280 



270 



40 



45 



SO 



55 



20 



EP 0 618 227 A1 



Claims 

1. A bioJogicalV active protein comprising two or more polypeptide subunits of a riaturally occurring mulli- 
menc protein wherein said subunits have been incorporated into a single continuous polypeptide. 

2. The biologically active protein of claim 1 wherein each of said polypeptide subunits is a member of the 
PDGF family- 

3. The biologically active protein of daim 2 wherein each of eaid polypeptide subunits connprises an amino 
acid sequence selected from the group consisting of PDGF-A, PDGF-B, VEGF, and PL6F amino acid se- 
quences. 

4. The biologically active protein of daim 3 wherein each of said polypeptide subunits comprises an amino 
acid sequence selected from the group consisting of PCX5F-Aand PDGF-B amino acid sequences. 

5. The biologically active protein of daim 4 wherein each of said polypeptide subunits is a human PDGF-B 
sequence. 

S. The biologicany active protein of daim 1 v^erein said subunits are sapa rated from each olher by a spacer 
moiety. 

7. The biologically active protein of claim 6 wherein each of said polypeptide subunits is a member of the 
PDGF family. 

B. The biulogiijally aulivtf protein of daim 7 wliereiii eauli uf 5sfcud polypeptide subunits uuniprisea uii amino 
acid sequence selected from the group consisting of PDGF-A. PDGF-B, VEGF. and PLGF amino acid se- 
quences. 

9. The biologically active protein of daim 8 wfierein each of said polypeptide subunits comprises an amino 
acid sequence selected from the group consisting of PDGF-A and PDGF-B amino acid sequences. 

10. The biologkially active protein of daim 9 wherein each of said polypeptide subunits is a human PDGF-B 
sequence. 

11. The biologically active protein of claim 10 wherein one of said polypeptide subunits is PDGF-B,o8 and one 
of said polypeptide subun&s is PDGF-Bng. 

12. The biologically active protein of daim 11 wherein said biologically active protein has the amino acid se- 
quence shown in Fig. 1. 

13. A coding sequence for biologically active protein comprising coding sequences for two or more polypeptide 
subunits of a naturally occurring multimeric protein wherein said otKJing sequences have been linked to- 
gether to code for a single continuous polypeptide. 

14. The coding sequence of daim 13 wherein said coding sequences code for a PDGF-BB fusion dimer 

15. A tronf^fFintftri hr».<it npJI oontflining si mrting .««>q»iRnce for binlngically active pnntftin rr^mprising r.fv1in9 
quences for two or more polypeptide sutrunits of a naturally occumng multimeric protein wherein said cod- 
ing sequences have been linked together to code for a single conlinuous polypeptide. 

16. The transfected host ce8 of claim 15 wherein said coding sequences code for a PDGF-BB fusion dimer. 

17. A pharmaceutical composition comprising a biologically active protein of claim 1 and a pham^ceulically 
acceptat>le carrier. 

18. The pharmaceutical composition of daim 17 wherein said biologically active prolein is a PDGF-BB fusion 
dimer 

19. The pharmaceutical composition of claim 13 wherein said biologically active protein has the amino acid 

21 
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sequence shown in Fig. 1 . 

20. An inhibitor polypeptide comprising two or more polypeptide sutnjnits of a naturaily occurring muKimeric 
protein wherein said subunils have been incorporated into a single continuous polyfjeptide and at least 

5 one ot said subunits is biologically inactive. 

21. The inhibitor polypeptide of claim 20 wherein one of said poIyf>eptide sutxjnits is a biologically active mem- 
ber of the PDGF family and one of said sut>unlls is a biologically inactive member of the PDGF family. 

10 
15 
20 

25 

SO 

35 

40 

45 
50 
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^ CTAGAAGGAGGAATAACATATCT^ 

TTCCrrCCTTATTGTATACAGAGACCCAAGCAATTGG^AACGCCTT^ 

MetSerLeuGlySerLeuThrlleAlAGluProAX^Ketl 1 

eAl^GluCysLysThrArqThrGluValPheGlulleSerArgArgLeulleAspArgTh 
130 

CAATGCCAACTTCCTGGTGTGGCCGCCCTGCGTGGAGGTCCAGCGCTGCTCCGGCTGTTG 



121 



^I'^''K?''r''o^''?'''^''''?''''''''''*'^^^^^^^^^^^CCACGTCG^ 

rAsnAlaAsnPheLeuValTrpProProCysValGluValGlnArqCysSerGlyCysCy 



190 210 



230 



CAACAACCGCAACCTGCAGTGCCGGCCCACCCAGGTGCAGCTGCGGCCAGTCCAGGTGAC 

ISl — — — *- — • — ^ , ^ ^ _^ 

GTTGTTGGCGTTGCACGTCACGGCCGGGTGGGTCCACGTCGACGCCGGTCAGGTCCACTC 
sAsnAsnArgAsnValGlnCysArgProThrClaValGinLeuArgProValGlriValAr 

250 270 290 

TTTCTACCTCTAACACGCCTTCTTCGGTTACAAATTCTTCCGGTGC^ 

gLysl leGluI 1 eValArgLysLysProI lePheCysbysAlaThrVa IThrLouC 1 uAs 
310 330 

GGTGGACCGTACGTTCACACTCTGTCACCGTCGACCTCCCGGACACTCGACTTrGGGCCC 
pHlsLeuAlaCysLysCysGluThrValAlaAlaAlaArgProValTht ArqSerProGl 

17 0 3 8 0 

GGGTTCCCAGCAGCAGCGATAAG 
361 ^ ^ 

CCCAACGGTCCTCGTCGLTATTCTTAA 
yGlySerGl nG 1 uG I nArg 
114 1105 



360 



FIG. 3 
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10 30 50 

TCGACAGTCGGCATG7VATCGCTGCTGGGCGCTCTTCCTGTCTCTCTGCTGCTACCTGCGT 
MetAsnArgCysTrpAlaLeuPheLeuSerUeuCysCysTyrLeuArg 

70 90 110 

CTGGTCAGCGCCGAGGGGGACCCCATTCCCGAGGAGCTCTATAAGATGCTGAGTGGCCAC 
LeuValSerAlaGluGlyAspProIleProGluGluLeuTyrLysMetLeuSerGlyHis 

X30 150 170 

TCGATTCGCTCCTTCGATGACCTCCAGCGCCTGCTGCAGGGAGACTCCGGAAAAGAAGAT 
Sen leArqSerPhGAspAspLeuGlnArgLeuCeuGlnGlyAspSerGlyLysGluAsp 

190 210 230 

GGGGCTGAGCTGGACCTGAACATGACCCGCTCCCATTCTGGTCGCGAGCTGGAGAGCTTG 
GlyAlaGluLeuAspLeuAsnMetThrArgSerHisSerGlyGlyGluLeuGluSerLeu 

250 270 290 

GCTCGTGGGAAAAGGAGCCTGGGTTCGTTAACCATTGCGGAACCGGCTATGATTGCCGAG 
AlaArgGlyLysArgSerLeuGlyScrLeuThrl leAlaGluproAlaMet IleAlaGlu 

310 330 350 

TGCAAGACACGAACCGAGGTGTTCGAGATCTCCCGGCGCCTCATCGACCGCACCAATGCC 
CysLysThrArgThrGluValPheGluIleSerArgArgLeuI leAspArgThrAsnAIa 

370 390 410 

AACTTCCTGGTGTGGCCGCCCTGCGTGGAGGTGCAGCGCTGCTCCGGCTGTTGCAACAAC 
AsnPhebeuValTrpProProCysValGlaValGlnArgCysSerGlyCysCysAsnAsn 

4 30 4 50 4 70 

CGCAACGTGCAGTGCCGGCCCACCCAGGTGCAGCTGCGGCCACTCCACGrGAGAAAGATC 
ArgAsnValGlnCysArgProThrGlnValGlnLeuArgProValGlnVa lArgLysI le 

.490 510 530 

GAGATTGTGCGGAAGAAGCCAATCTTTAAGAAGGCCACGGTGACGCTGGAGGACCACCTG 
Glul leValArgLysLysProI lePhe LysLysAlaThrVa iThrLeuG luAspH i sLeu 

550 570 

GCATGCAAGTGTGAGACAGTGGCAGCTGCACGCCCTCTGACCTCATAA 
AlaCysLysCysGluThrVal AlaAlaAlaArgProVaiThr 



FIG. 4 
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PDGF-BBii9dimer 
PDGF-B-119B109 fusion dimer 

FIG. 6 
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